The purposes of this study were (I) to evaluate the various methods of preoperative staging of osteoid osteomas, (2) to compare the different methods of intraoperative localization and excision of the tumor, and (3) to develop a clinical strategy for the treatment of persistent (recurrent) lesions. From 1978 until 1986, 14 consecutive patients had excision of osteoid osteomas. All patients' operative reports, roentgenograms, bone scans, computed tomographic scans and histologic studies were reviewed. With an average follow-up period of 94.5 months, 13 of 14 patients were cured with one operative procedure. One patient required two procedures. No patient developed a recurrence. Eleven of 14 niduses were confirmed on hematoxylin and eosin sections. Computed tomographic scan was the most useful preoperative study in localizing Hie nidus. It helped determine the surgical approach and the portion of bone to be resected. Intraoperative nuclear scanning (IONS) is a reliable technique in confirming complete removal of the nidus, with no increase in operative time. Intraoperative scanning did not appreciably affect the amount of bone resected. Recurrent tumors can be reliably resected, with a high cure rate, by careful preoperative staging and with use of IONS.
An osteoid osteoma is a small but common, painful, solitary, osteoblastic lesion, Typical roentgenographic findings and clinical symptoms have been well described in the literature, 9.28, 48 However, abnormal symptoms and roentgenographic findings':' (or lack of findings) have often delayed the diagnosis and eventual surgical excision of the lesion, In many cases, excision of the lesion has been difficult and incomplete.F:" resulting in incomplete pain relief. A second procedure is then required for excision of the tumor. The use of radionuclide scanni ng2. 4-6.20-23,25,27.3I,35,38,41-43,45,46.53.55 has markedly improved preoperative detection and intraoperative excision of the tumor. This report reviews the staging and surgical technique of resection of osteoid osteomas. A technique of intraoperative nuclear scans (IONS) is evaluated as a sim!\le, reliable method for the localization and excision of osteoid osteomas.
METHODS AND MATERIALS
Fourteen patients who had excision of osteoid osteomas during the period spanning [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] were clinically reviewed. Five of these 14 patients had previous incomplete excision of their tumors. These tumors were referred to as persistent tumors.
Patients were divided into two groups. Group I (seven patients, two with persistent tumors) had _ their tumors resected with the use of IONS, and Group 2 (seven patients, three with persistent tumors) had tumors resected with the use of intraop- erative roentgenograms or tomograms of the P3-tient, the resected specimen, or both. Those patients treated later in the study had use of the IONS.
The age of the patients ranged from three to 29 years (average, 13.9 years). Nine patients were male and five were female. Duration of the symptoms ranged from one to 72 months (average, 20.3 months) before resection. Symptoms included nocturnal pain in 13 patients (92%), activity-related pain in six (43%), decreased range of motion in a nearby joint in five (36%), and localized tenderness in eight (57%). All patients were treated with aspirin preoperatively. Ten patients (71%) had relief of symptoms with aspirin. The location of the tumor included the femur (nine), tibia (two), spine (one), radius (one), and acetabulum (one) ( Tables I and 2 ; Fig. I ).
Preoperative roentgenograms were performed in all patients, tomograms in four, computed tomography (CT) in nine, and angiography in two.
Preoperative bone scanning was performed on 12 of 14 patients (except Cases 7 and 13; Tables 3  and 4) . Patients were injected approximately two to three hours before surgery with intravenous technetium Tc-99m methylene diphosphonate (MDP) at 250~Ci/kg. A scintillation gamma camera arid portable computer system (Picker Dyna Camef A4 or Data-Mo, Trevose, Pennsylvania) were used ( Fig. 2) . A high resolution, parallel-hole collimator was placed directly over the operati ve site after the surgical field was exposed (Fig. 3) . This allowed precise localization of the area. of increased tracer activity (Fig. 4) . A lead marker, a needle filled with technetium Tc-99m MDP, or sterile attenuators (scalpels or hemostats) were used to locate the site for surgical excision. Direct visualization was used in those tumors with reactive cortical sclerosis. The intensely tracer-positive nidus is usually surrounded by a field of less active sclerotic bone.
After excision of the area of intense tracer activity, the surgical site was rescanned and evaluated for complete absence of the nidus. Further resection was performed on any area that could represent the nidus. Scanning of the resected portion of bone was unreliable because there was usually an insufficient amount of normal bone resected to differentiate between the areas of normal and abnormal bone.
All but three patients (Cases I, 2, and 5) had intraoperative roentgenograms taken of either the resected specimen, the patient, or both to confirm removal of the nidus.
In two patients (Cases 2 and 4), tetracycline was given preoperatively and the area of surgical resection was evaluated with a Wood's ultraviolet light (Burton Medical Products, Van Nuys, California) for complete excision of the area of fluorescence. A portable intraoperative sodium iodide probe (2SHA 3/2/ I, Harshaw Chemical, Solon, Ohio) coupled with a scaler rate meter (Model 2200, Ludlum Measurements, Sweetwater, Texas) was used in three patients (Cases I, 3, and 5).
RESULTS
Preoperative roentgenograms revealed II intracortical-type and' two cancellous-type tumors. There were no subperiosteal-type tumors. Roentgenograms were effective (93%) in revealing the nidus or an area of reactive sclerosis in all but one patient (Case 5). Tomograms revealed the nidus in two of four patients (50%), whereas CT was effective in eight of nine patients (89%). Angiography failed to reveal a hypervascular nidus in both patients in whom it was used. Preoperative bone scanning was positive in all patients when used (Tables 3 and 4) .
The total operating-room time, which included the time of patient entry and extitfrom the operating room, was determined. These times were used, since exact operating times were not easily determined. This time accounted for anesthetic time, as well as the time required to obtain intraoperative radiologic studies. The time required to excise the tumor in Group I (seven procedures) ranged from 135 to 300 minutes (average, 218 minutes), and in Group 2 (eight procedures), it ranged from 195 to 450 minutes (average, 268 minutes).
The average size of the resected specimen, determined from direct volumetric measurements by the pathologist, ranged from 0.32 to Tables 5 and 6 ).
With an average follow-up period of 71.1 months for Group I and 117.9 months for Group 2, all patients except Case 9 had postoperative relief of symptoms. The recurrence of pain in this patient was caused by incomplete excision of the nidus and required a second successful reexcision of the tumor eight days postoperatively.
The nidus was histologically identified in five patients in Group I and in six patients in Group 2. In persistent cases, three of five patients had histologic localization of the nidus (Table 7) .
In the two patients in whom tetracycline labeling was used, there were no recurrences and the nidus was histologically identified in both cases. However, the surrounding reactive bone and the nidus fluoresced with the use of a Wood's lamp. In the three patients in whom the sodium iodide probe was used, the nidus was well localized with the probe.
DISCUSSION
Osteoid osteoma as originally described by Bergstrand:" in 1930 and Jaffe" in 1935 is a well-known entity in radiologic and orthopedic Iiterature. 7.9.II.J8.35.48.50 This nocturnally painful tumor commonly affects younger pa- 6.12.29,32 There is, however, owing to a lack of typical findings or a low index of suspicion, often a delay in the diagnosis and treatment of this tumor.
Roentgenographically, the tumor has been described as occurring within the cortex, within cancellous bone, or subperiosteally. 13 .51 The classic type of cortical osteoid osteoma consists of a small, centrally located radiolucent nidus (less than I em in diameter) lying within dense reactive surrounding bone. Periosteal reaction is often seen in this type of lesion. The cancellous and subperiosteal tumors frequently produce little reactive sclerosis, making detection more difficult.
Tomography." angiography.P-P:" and CTI. I6.17.23.24.26.33.38.40.54 have been used to im- FIG. 3 . Intraoperati ve photograph of sci ntillation gamma camera placed over exposed surgical site. 
\
prove the ability to localize the nidus of an osteoid osteoma. The tomogram and CT scan are helpful in the localization of tumors in difficult areas (spine and pelvis).
The CT scan is useful in directing the surgical approach for tumor resection. However. failure to detect the nidus via CT has been attributed to wide slice spacing and slice thickness. Narrower collimation may help detect the nidus in those instances." Radionuclide imaging in localizing an osteoid osteoma is well known. 2-5.15.16,21.23,25._ 27.31.34.42.46.47,50,52.53,55 The tech netium Tc-99m polyphosphate or MOP bone scan is, in general, a highly sensitive but nonspecific method that results in a marked, well-localized area of increased activity in the blood pool and standard two-hour images. The dif- ferential diagnosis for a positive scan includes infection, metastatic disease. and stress fractures.:" With an osteoid osteoma, the scan presumably reflects the osteoblastic activity, Increased blood flow within or at the margin of the lesion, or both." This is independent of the amount of mineral present: therefore, the lesion may be absent roentgenographically and still be detectable via skeletal imaging.
The appearance of the tumor may vary from an extremely localized area of markedly Increased tracer activity to a diffusely localized area of mildly increased uptake. As with the CT scan, bone scintigraphy has been used to localize the tumor in difficult areas such as the pelvis. femoral neck. and spine.
Cure of an osteoid osteoma is effected by well described.
Patients are usually injected with the radioisotope two to three hours before surgery. Localization of the tumor is done with a sterilized sodium iodide scintillation probe placed directly in contact with the involved bone. IO.19.20.22 Alternately, a portable gamma camera can be placed directly over the exposed surgical site. 14.224. 1.4549 Metal attenuators (scalpels. hemostats, and needles) are used to localize the' lesion with use of the persistence scope. After removal of the lesion. immediate images of the operative site and of the specimen are used to verifv removal of the lesion.
Advantages of the sodium iodide probe include its portability and its ability to be sterilized, allowing it to be placed directly on bone. Its directional dependence (the probe needs to be focused directly on the nidus to gi\t~maximum count rates) mayor may not be advantageous.
Relative disadvantages of some types or probes include its size. ranging frorn approximately
I to ].5 em in diameter. which may obscure small surgical fields (sr-mc). Its use near growth plates is limited because of increased tracer activity arising from the growth plates, resulting in falsel. elevated counts. Finally. postrcsecuon count-J ing does not guarantee complete removal of the nidus.
An advantage of the portable gamma scanner is that it allows for immediate scanning of the patient and confirms complete removal of the lesion. Disadvantages include its bulkiness. potential for contamination by placement of the scanner over the operative field. and lack of cross-sectional anatomic information.
The sodium iodide probe and the portable gamma scanner potentially allow for minimum resection of normal osseous tissue.
Indications for the use of int\aoperati\'e scanning include the resection of (I) any lesion producing a reactive bone-forming response. (]) persistent or recurrent lesions. (3) any lesion located in difficult areas for surgical resection.
and ( 4) lesions requiring the most minimal amount of resection (spine. femoral neck. hands. and feet).
In this series. the femur was the most commonly affected bone. An average duration of 17.5 months of symptoms before surgery was noted.
Roentgenograms were effective in showing some form of the lesion in all patients but one (Case 5) This patient was a l o-year-old girl 236 Lee and Maiawer with an eight-month history of left hip pain. The only positive roentgenographic study was hone scintigraphy. The bone scan rcvealcd foca! uptake in the midportion of the left iliac wing near the acetabulum with diffuse surroundi ng uptake.
The CT scan visualized the nidus in 89(;; of cases. whereas the bone scan was always effective when used. In one patient (Case II). the nidus was not located by CT. but was noted on tomograms. The CT scan showed an area of reactive sclerosis. Presumably. with narrower slicing on the computed tornographic scan (less than 5-m m intervals). the nidus would have been identified. Since the nidus had been located on tomography. no further CT was performed.
Tomography was accurate in locating the lesion in only two of four patients (50C;'r). reflecting the wide spacing of cuts used (usually. 5-m m intervals). A ngiography was not effective in either instance that it was used (Cases 9 and 12) in revealing a hypervascular blush. indicative of the nidus.
Although the bone scan was very sensitive in detecting the lesion. CT was the most useful in planning surgical resection. Its transectional configuration aids in directing the surgical approach. It is especially useful in the extremities where most of the tumors are located. Adequate depth and width of surgical resection can he determined preoperatively.
In comparing the two small groups. Group I (IONS) and Group 2 (no scan crn' versus I I crn '). Case 5 did not have the lesion localized by CT. hindering preoperative localization and thereby requiring more resection. However. with use of the intraoperative scan. the nidus was completely removed and was identified histologically.
In comparing the limited number of recurrent tumors in Group I versus Group :2 (Cases ? and 7 versus Cases 9. I I. and 14) . the Cumcat C'-' "paedlcs and Relate:~;esearch amount of bone resected (2.5 crn ' vers.», lOA crn') and the ti me for the procedure (2 .. k) minutes versus 276 minutes) was less in those cases that used the Intraoperative scan The nidus was identified pathologically in five of seven patients in Group I riot in Cases 6 and 7) and in six of seven pal, nts in Group~(not in Case 14). Since no patient developed a recurrence of symptoms i except Case 9). it was presumed that the smal: nidus had (I) been lost during the procedure (through the suctioning device. on the operative field. in the operative sponges). (~) had inadequate pathologic sectioning of the specimens. or (3) had a different diagnosis. The final pathologic diagnosis on all three patients (Cases 6. 7. and 14) had been osteosclerosis.
Case 9 required re-resection of his tumor eight days after the initial procedure because of inadequate relief of pain. The nidus was identified pathologically after the second resection.
The use of intraoperative roentgenograms or tornograrns of either the patient or resected specimen was effective in seven of II cases. They showed the nidus being either resected or present in the resected specimen. This. however. required time for th specimen to be sent to the radiology department for these studies. In four instances. the: intraoperative roentgenograms failed to confirm removal of the nidus.
In the two patients in whom tetracycline was used. even though the nidus was pathologically identified. the surrounding reactive bone as well as the presumed nidus fluoresced with use of the Wood's ultraviolet lamp. It was. therefore. difficult to precisely identify the nidus. This method. however. may be a good alternative to use with those instances in which a portable scintillation camera or probe may not be available.
In the preoperative staging of osteoid osteomas. in addition to a careful historv. physical examination.
and a high index "fsuspicion. the plain roentgenogram and hone scan are reliable in detecting the lesion.
Computed tomography is most useful for
